We carry out a quantum chemical calculation to obtain the infrared and electronic absorption spectra of several complex molecules of the interstellar medium (ISM). These molecules are the precursors of adenine, glycine & alanine. They could be produced in the gas phase as well as in the ice phase. We carried out a hydro-chemical simulation to predict the abundances of these species in the gas as well as in the ice phase.
tion to predict the abundances of these species in the gas as well as in the ice phase.
Gas and grains are assumed to be interacting through the accretion of various species from the gas phase on to the grain surface and desorption (thermal evaporation and photo-evaporation) from the grain surface to the gas phase. Depending on the physical properties of the cloud, the calculated abundances varies. The influence of ice on vibrational frequencies of different pre-biotic molecules was obtained using Polarizable Continuum Model (PCM) model with the integral equation formalism variant (IEFPCM) as default SCRF method with a dielectric constant of 78.5. Time dependent density functional theory (TDDFT) is used to study the electronic absorption spectrum of complex molecules which are biologically important such as, formamide and precursors of adenine, alanine and glycine. We notice a significant difference between the
Introduction
Presence of interstellar dust towards the formation of complex interstellar molecules is taken for granted especially after the discovery of more than twenty molecules around the star forming region in the interstellar ice. Altogether, according to the CDMS catalog (http://www.astro.uni-koeln.de/cdms/molecules), one hundred and seventy molecules have been detected in the interstellar medium or circumstellar shells.
To model the formation of complex molecules, and especially through interstellar grain chemistry, several attempts were made by various workers (Chakrabarti et (Omont 1993 & Bujarrabal et al., 1994 . But a complete understanding of the chemical and physical processes which take place on a grain surface is still missing.
The origin of amino acids through the pre-biotic chemistry of the early earth has been a topic of long standing interest. However, complex pre-biotic molecules might also be formed due to very complex and rich chemical processes inside a molecular cloud. The production of amino acids, nucleobases, carbohydrates and other basic compounds can possibly start from the molecules like HCN, cyno compounds, aldehyde, and ketones (Orgel 2004; Abelson 1966) , which could lead to the origin of life in the primitive earth conditions. However, even with the present observational tools, it is hard to confirm the presence of any bio-molecules in the ISM. So it may suffice, if we can identify a few precursor molecules which eventually form bio-molecules in the interstellar space. Quantum chemical simulations could be used to find out the spectral properties of these complex molecules. It is observed and experimentally verified that the spectral signature of a species significantly deviates between the gas phase and the ice phase. So a theoretical study of the spectral properties of the precursors of some important bio-molecules in both the gas and ice phases could serve as benchmarks for the observations.
In this Paper, we consider a large gas-grain network coupled with a hydrodynamic simulation to obtain the abundances of various complex molecules, which could lead to the formations of adenine, alanine & glycine. We also discuss the production of formamide which is an important precursor in the process of the abiotic synthesis of amino acids. In the literature, there are several observational studies on glycine (Kuan et al., 2003 , Hollis et al. 2003 , Snyder et al. 2005 . But its existence in a molecular cloud, till date, is not verified without a reasonable doubt. In case of adenine, we find that though its abundance in our theoretical model is well under the observation limit, its precursor molecules are heavily abundant. It is also true for the alanine and glycine.
These prompted us to find out the spectral signatures of the precursor molecules of these three molecules around the different astrophysical environment, from which one could roughly anticipate the abundances of adenine, glycine & alanine. All possible reaction pathways are included in the gas as well as in the grain phase network. Armed with the chemical abundances of these precursor molecules, we compute the infrared and electronic absorption spectra in the gas as well as for the icy grains.
The plan of this paper is the following. In Section 2, the models used and the computational details are presented. Implications of the results are discussed in Section 3. Finally, in Section 4, we draw our conclusions.
Computational details

Hydro-chemical Model
The process of formation of complex molecules in the interstellar space is very much uncertain. There could be a number of pathways available for the formation of a complex molecule. However, depending on the chemical abundances of the reactive species and the reaction cross section, the rate of formation varies. Formation routes of several interstellar bio-molecules are already reported in Majumdar et al., (2012).
They pointed out that despite of the huge abundances of the neutral species, radicalmolecular/radical-radical reaction pathways dominates towards the formation of some pre-biotic species. Normally such reactions are barrier less and exothermic in nature. whose outer boundary was assumed to be located at one parsec and the inner boundary was assume to be located at 10 −4 parsec. They used a finite difference Eulerian scheme (upwind scheme) to solve the Eulerian equations of hydrodynamics in spherical polar coordinates. Since they were interested in the spherical case, they only considered radial motion and ignored any dependency upon the θ & φ coordinates. By solving the hydrodynamic equations they studied fully time-dependent behaviour of the spherical flow.
To have a realistic condition, we have considered this density distribution as an input for our chemical model. 
Quantum chemical calculation
First of all, we have optimized the geometry of the molecules, which are the precursors of various bio-molecules in space. In order to have an idea for the stability of these molecules, B3LYP/6-311++G** level is used. Gas phase vibrational frequencies of these precursor molecules are also calculated by the B3LYP/6-311++G** level. than that of water (78.5). We have calculated also the electronic absorption spectrum of these molecules using the time dependent density functional theory (TDDFT study).
Result and Discussion
Till date, due to the constraints on the observational sensitivity, it is quite challenging to directly identify interstellar bio-molecules. For instance, the observational report on glycine by Kuan et al., (2003) produced during the collapsing phase of a proto-star. Since the abundances of these molecules are very low, it is possible that they are not directly observable with the present day technology. However, if we concentrate on the pathways through which these molecules form in the ISM and identify the precursor molecules, it could be much easier to predict their abundances. This is what is done in our work. We compute their chemical abundances after considering the gas-grain interaction in our chemical model and present the spectral signatures of the precursor molecules in the gas phase as well as in the grain phase. Water is found to be the most abundant molecule followed by
Methanol and Carbon-di-oxide in the ice phase. We have concentrated on the changes of the spectral signature between the gas phase and ice phase. The spectral changes with the changes of solvents are also highlighted.
Precursor molecules of adenine
There are a few studies related to the formation of adenine. Chakrabarti et al.,
(2000ab) proposed a neutral-neutral pathways for the formation of adenine. According to them, the adenine could be produced by the following reactions:
Recently Gupta et al. (2011) proposed that the following radical-molecular reaction network, which could lead to the adenine formation. Since the precursors are several orders of magnitude higher, the probability of their detection is higher. We already mentioned that we are using the density distribution of our hydrody- ). For the sake of better understanding, we tabulate all the infrared peak positions with their absorbance in Table 1 . In Table 1 , we note down the peak position of the infrared spectrum of cyanocarbene (HCCN) in the gas as well as in the ice phase. We find that the most intense mode in the gas phase appears at 3442 cm We continue our computation to obtain the spectral properties of HCCN in the electronic absorption mode. However, it does not appear to have any significant contribution. Electronic absorption spectra of NH 2 CN molecule in gas (solid) as well in the ice phase (gas) are shown in Fig. 3 . The electronic transitions, absorbance and percentage of contribution are summarized in Table 2 . An electronic absorption spectrum of NH 2 CN molecule in the gas phase is characterized by four intense peaks. These four phase and appear at 159nm and 92nm respectively with a bit high intensities. The peak at 133nm is shifted to 121nm and has a high intensity. The peak at 114nm is shifted to 111nm and has a lower intensity. All the peak locations in electronic absorption spectra with their respective absorbance and oscillator strengths are highlighted in Table 2 .
Precursor molecules of glycine
Observations of glycine are highly debated till date. Several chemical modeling as proposed the following pathways for the glycine production;
Woon et al., (2002) performed quantum chemical calculations to evaluate the viability of various pathways to the formation of glycine, They considered following pathway:
According to Woon (2002) 
We have included this reaction in our network. Peak abundance of glycolic acid is calculated to be 1.36×10 −21 . As in Fig. 1 , here also a sharp rise in the abundances are observed due to the same reason as discussed in Fig. 1 .
Though the pathways proposed by Woon (2002) which does not influence the production of glycine at this low temperature, for the sake of completeness, we have identified CH 2 NH 2 and COOH as precursor molecules for the production of glycine by this route. Infrared peak positions with their absorbance in the gas phase as well as in the ice phase is pointed for the species CH 2 NH 2 in Table 1 . We find that the most intense mode in the gas phase appears nearly at 318 cm −1 . This peak is shifted to the right in the ice phase by 77 cm −1 and is appearing at 395 cm −1 . It is interesting to note that one strong peak appears at 484 cm −1 in the ice phase and its corresponding peak in the gas phase spectrum is missing. Several new peaks are significantly pronounced in the ice phase. Similarly, for COOH, we have presented similar parameters in Table 1 . The gas phase infrared spectrum of COOH mainly consists of three strong peaks. The strongest peak in the gas phase arises at 1719 cm −1 (giving an excellent agreement with Chen et al., 1998) followed by two moderate sized peaks at 971 cm −1 and 563 cm −1 respectively. The strongest peak is shifted to the left in the ice phase and appears at around 1661 cm −1 followed by one right shifted peak at around 1004 cm −1 and one left shifted peak at around 527 cm −1 respectively. One more prominent peak in the ice phase is pronounced at 2759 cm −1 , which is absent in the gas phase. All the ice phase peaks are more intense in comparison to those of the gas phase. Infrared spectral parameters of C 2 H 3 ON in gas phase as well as in the ice phase are noted in Table 1 . We find that gas phase IR spectra of C 2 H 3 ON contains two major peaks, one at 1133 cm −1 and the other at 2127.17 cm −1 . From Table 1 , it is clear that most of the peaks in gas phase are shifted towards the left for the ice phase spectrum.
Different electronic absorption spectral parameters of CH 2 NH 2 in the gas phase and in the ice phase are given in Table 2 . In the gas phase, the spectrum is characterized by (Table 2) . It is to be noted that most of the peak intensities in the ice phase are considerably higher. Similarly, the electronic absorption spectra of C 2 H 3 ON in the gas and ice phases are given in Table 2 . In the gas phase, it is characterized by three intense peaks at 306. 8, 190 .0, and 113.0 nm. These intense peaks are assigned due to the H-0→ L+2, H-0→ L+9, H-0→ L+20 HOMO-LUMO transitions. These peak positions are slightly shifted in the ice phase. 
Precursor molecules of alanine
According to Chakrabarti et al., 2000a , the alanine formation could be due to the following reactions:
According to Woon et al., (2002) production could follow the following route; respectively. All other peak locations are given in Table 1 .
The electronic absorption spectrum of C 3 H 5 ON molecule in gas phase is characterized by two intense peaks arising due to the H-1→ L+2, H-1→ L+8 HOMO-LUMO transitions. The ice phase electronic absorption spectrum is followed by only one peak (Table 2) at the wavelength 118.9 nm. The peak positions along with all the details of the electronic absorption spectra are given in Table 2 .
Formamide: An important precursor in the abiotic synthesis of amino acids
Formamide is the simplest amide containing peptide bond. It is very abundant in the ISM and could be an important precursor in the abiotic synthesis of amino acids and thus significant to further prebiotic chemistry in the interstellar space. Formamide was discovered in the interstellar space in the early 1970s. It has been identified by one of the gas phase molecules in the past (Millar, 2004) . It is also highly abundant in the ice phase (Garrod et al., 2008) . Formamide in the ISM could be produced by several pathways. Here we have mainly followed Quan & Herbst (2007) for its production in the gas phase. For the production of Formamide in the ice phase we follow Jones et al., (2011) who suggested the pathway below:
and Garrod et al., (2008) who suggested the pathway as given below:
HNCO + H → HNCHO (30)
Since reaction number 28 could also be possible in the gas phase, we include this reaction in our gas phase network as well. Following the same technique used in Majumdar et al., (2012), the reaction energy for this reaction is calculated to be −4.12 eV and the rate coefficient calculated to be 2.73×10 −11 cm 3 S −1 . In Fig. 6 , we have shown the time evolution of the formamide in the gas phase as well as in the ice phase. The peak abundance of the gas phase formamide is calculated to be 1.33 × 10 −13 , whereas the grain phase formamide appears to be highly abundant (9.45 ×10 −9 ).
Recently Sivaraman et al. (2012) , performed an experiment to obtain the IR spectra of the formamide in the ice phase. They used experimental setup based at The achieved by using a closed cycle helium cryostat. A CaF 2 substrate was placed at the end of the cryostat onto which the molecular gases were directly deposited to form multilayer targets. Sample temperature measurements were carried out using a silicon (Si) diode sensor calibrated using the calibration curve provided by the Scientific Instruments. Formamide samples 99.5 % pure (from Sigma Aldrich), were used. Before introducing the formamide vapour into the chamber, the liquid sample was processed by three freeze-pump-thaw cycles to degas any absorbed impurities. The sample was then allowed to return to room temperature before extracting the vapours to form the ice on the CaF 2 substrate.
We compare our theoretical result with this recent experiment. spectra of formamide at 30K before irradiation. Peak positions are given in Table 3 .
It is clear from ice and study the changes in the peak positions and intensities (Table 3) . Second, based on the observational results, we consider a mixed ice, which consists of 70% water, 20% methanol and 10% CO 2 molecules and noted down the spectral properties in Table 3 . From Table 3 The energy is the electronic energy parameterized by the frozen locations of the nuclei and because they are frozen, the model simulates at 0K, whereas the experiment was performed at 30K. Moreover, here we are not considering the clusters of formamide for calculating the spectra. Rather, we are including one formamide molecule in a 
Conclusion
In this paper, we have explored the infrared and electronic absorption spectra of various complex molecules, which could be treated as the precursors of adenine, glycine and alanine in several astronomical situations. In comparison with the gas phase spectra, the spectral properties in the ice phase are significantly different. Various peak positions are shifted and some peaks completely disappeared. Some substructures became pronounced also in the ice phase. Based on the observational results, we simulated our grain mantle differently which have different ice compositions. We considered the ice to be that of pure water or pure Methanol or even mixed (70% water 20% methanol and 10% CO 2 ) in nature. We have highlighted the dependence of the spectral changes on the solvent types
We computed the chemical evolution of adenine, alanine & glycine along with their precursor molecules. We pointed out that the computed abundances of the precursor molecules are within the observational limits and could be detected in future. Based on the abundances of these precursor molecules, one could estimate the abundances of the molecules of our interest. We made a comparison between our calculated infrared spectra of formamide and experimentally obtained infrared spectra. Some of the peak locations are found to coincide while a few others do not match. We presented possible reasons behind this.
There are ample debates on whether alanine, glycine or adenine has been seen in interstellar medium or not, It is possible that the abundances of these molecules are very small and the present day equipments lack sufficient sensitivities. However, our paper probes the feasibility of observing the precursors of these very important molecules and computed abundances seem to indicate that they are observable, in principle. We have also computed the spectral features, i.e., the wavelengths where the characteristic peaks would be observed. We anticipate that these results would be appreciated by observers.
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